Brigham Young University

BYU ScholarsArchive
Student Works
2022-09-10

Experimentally Measured Lumbar Skin Strains During Activities of
Daily Living
Andrew Gibbons
Brigham Young University - Provo, andrewkgibbons01@gmail.com

Paul McMullin
Brigham Young University - Provo, paul.b.mcmullin@gmail.com

Darian Emmett
Brigham Young University - Provo, darian.h.emmett@gmail.com

Ulrike H. Mitchell
Brigham Young University - Provo, rike@byu.edu

David T. Fullwood
Brigham Young University - Provo, dfullwood@byu.edu

See next page for additional authors
Follow this and additional works at: https://scholarsarchive.byu.edu/studentpub
Part of the Mechanical Engineering Commons

BYU ScholarsArchive Citation
Gibbons, Andrew; McMullin, Paul; Emmett, Darian; Mitchell, Ulrike H.; Fullwood, David T.; and Bowden,
Anton E., "Experimentally Measured Lumbar Skin Strains During Activities of Daily Living" (2022). Student
Works. 352.
https://scholarsarchive.byu.edu/studentpub/352

This Poster is brought to you for free and open access by BYU ScholarsArchive. It has been accepted for inclusion
in Student Works by an authorized administrator of BYU ScholarsArchive. For more information, please contact
ellen_amatangelo@byu.edu.

Authors
Andrew Gibbons, Paul McMullin, Darian Emmett, Ulrike H. Mitchell, David T. Fullwood, and Anton E.
Bowden

This poster is available at BYU ScholarsArchive: https://scholarsarchive.byu.edu/studentpub/352

Experimentally Measured Lumbar Skin Strain During
Activities of Daily Living
Andrew Gibbons, Paul McMullin, Darian Emmett, Ulrike H. Mitchell, David T. Fullwood, Anton E. Bowden*
* Corresponding author: abowden@byu.edu

Background and Motivation
•

Research Objective:
To measure biomechanical skin stretch during activities of daily living (ADL)s

When mechanical stimulation of the skin, postsurgery, is kept at a minimum, the risk for
hypertrophic and keloid scarring is reduced.

Figure 1: Watercolor painting of normotrophic,
hypertrophic, and keloid scarring.1

•

Surgeons have used tools such as biodynamic
excisional skin tension (BEST) lines to know
where to make an incision to minimize scarring.

Figure 5: Same as figure 3, but for right axial rotation in the transverse plane
while hips are held still (facing anteriorly)

Figure 4: Average percent strain (skin stretch) between adjacent motion
tracking markers during maximum hip flexion

Table 1: Superior-Inferior (SI) and principal Medial-Lateral (ML) percent strains along the spine for different regions

Figure 2: BEST lines for excisional surgery.2

Methods
•

Data was collected for a healthy young
cohort of 28 people (25.2 ± 9.3 years, BMI:
23.3 ± 3.3).

•

36 motion tracking markers were placed with
reference to the S2 – T11 spinous processes.

•

Marker coordinates were used to generate
strain field maps during flexion, extension,
right/left rotation, and standing up from a
chair.

L1-T11
L3-L1
L5-L3
S2-L5

Flexion (SI)
22.8%
40.7%
60.3%
58.8%

Extension (SI)
-13.7%
-15.9%
-14.7%
-11.4%

Rotation Right/Left (ML)
9.3%
6.9%
4.7%
5.1%

Standing up From Chair (SI)
-1.2%
-5.6%
-9.9%
-9.4%

Discussion and Conclusions
Optimal scar outcomes are dependent on a minimal stimulation of fibroblasts, commonly aided using wound
closure techniques (figure 6), which limit how skin stretches during activities of daily living (ADL). Surgical
incision location and orientation influence the likelihood of hypertrophic or keloid scar formation. These results
seem to suggest that lower lumbar incisions are exposed to high SI-oriented tensile strains, especially during
high-flexion activities. Upper lumbar incisions are exposed to more moderate SI tensile strains, but experience
more severe ML-oriented tensile strains during high-rotation activities. ML sutures, which are perpendicular to
the direction of high strain after SI incisions, may be more sensitive to suture pullout, wound opening, or tissue
damage. High-extension activities, including sit to stand, resulted in negative strains (i.e., “buckling” of the
skin), which is unlikely to induce direct skin damage or suture pullout, but may provide opportunities for suture
loosening and further fibroblast stimulation. In conclusion, different regions of the back have different
magnitudes of strain and thus higher or lower likelihoods of hypertrophic/keloid scar formation.

Figure 6: Three common
methods of wound closure.
Adapted from saintlukeskc.org

Significance:
Surgical incision location and orientation change the likelihood of hypertrophic or keloid scarring
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